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they appear to be very different enzymes with regard to their regulation.
At least in human cells, ADAMTS4 responds to stimulation with IL-1 and/or
TNFalpha, but ADAMTS5 does not. Another difference is that whereas the
upregulation of ADAMTS4 depends on the transcription factor NFkappaB,
ADAMTS5 is NFkappaB independent and lacks kappaB elements on its
promoter. The differential regulation of ADAMTS4 and ADAMTS5 has impli-
cations for the potential development of disease-modifying osteoarthritis
drugs. A therapeutic strategy that would inhibit the cytokine-driven in-
ﬂammatory response would be likely to downregulate ADAMTS4, as would
an inhibitor of NFkappaB. Neither strategy would be likely to inﬂuence
ADAMTS5, however.
The design of small molecule aggrecanase inhibitors is an area of consider-
able interest for the pharmaceutical industry. For such approaches to meet
with success, there is a need to appreciate that ADAMTS4 and ADAMTS5 are
differentially regulated. The primary aggrecanase (ADAMTS4 or ADAMTS5)
involved in human OA also needs to be conclusively identiﬁed.
Mechanobiology
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Purpose: Examine the effect of collagen fragments on the anabolic and
catabolic activities by chondrocyte/agarose constructs subjected to dynamic
compression.
Methods: Constructs were cultured under free-swelling conditions or sub-
jected to continuous and intermittent compression regimes, in the presence
of the N-terminal (NT) and C-terminal (CT) telopeptides derived from colla-
gen type II and/or 1400W (inhibits inducible nitric oxide synthase [iNOS]).
The anabolic and catabolic activities were compared to the amino-terminal
ﬁbronectin fragment (NH2-FN-f) and assessed as follows: nitric oxide (NO)
release and sGAG content were quantiﬁed using biochemical assays. TNFα
and IL-1β release were measured by ELISA. Gene expression of MMP-3,
MMP-13, collagen type II and ﬁbronectin were assessed by real-time qPCR.
2-way ANOVA and the post hoc Bonferroni-corrected t-test was used to
examine data.
Results: The presence of the NT or CT peptides caused a moderate to
strong dose-dependent stimulation of NO, TNFα and IL-1β production and
inhibition of sGAG content. In some instances, high concentrations of
telopeptides were just as potent in stimulating catabolic activities when
compared to NH2-FN-f. Depending on the concentration and type of frag-
ment, the increased levels of NO and cytokines were inhibited with 1400W,
resulting in the restoration of sGAG content. Depending on the duration
and type of compression regime employed, stimulation with compression
or incubation with 1400W or a combination of both, inhibited telopeptide
or NH2-FN-f induced NO release and cytokine production and enhanced
sGAG content. All fragments induced MMP-3 and MMP-13 expression in a
time-dependent manner. This effect was reversed with compression and/or
1400W resulting in the restoration of sGAG content and induction of
collagen type II and ﬁbronectin expression.
Conclusions: Col-fs containing the N and C-terminal telopeptides have
dose-dependent catabolic activities similar to FN-fs and increase the pro-
duction of NO, cytokines and MMPs. However, the catabolic response was
dependent on the concentration and type of fragment such that for con-
ditions which represent cartilage degradation, collagen telopeptides were
just as potent in increasing catabolic activities as the FN-fs. The application
of dynamic compression could reverse the catabolic process induced by
the fragments and enhance anabolic activities. However, the response was
dependent on the length and type of compression regime applied. In
addition, co-stimulation by dynamic compression in the presence of the
iNOS inhibitor led to further time-dependent increases in the expression
of matrix proteins and downregulation of cytokines and MMPs, linking
reparative activities by both types of stimuli. The ability of chondrocytes
to interact with matrix fragments and respond to biomechanical signals
may be a key initiating event in the disease process. Further studies are
needed to examine the complexity of the sequence of signalling events
which interplay with biomechanical and matrix fragment signals for early
OA therapeutic intervention.
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Purpose: Despite acceptance of the role of mechanical loads in the
development and progression of osteoarthritis (OA), in-vivo quantitative
assessments regarding the mechanism by which articular cartilage (AC)
responds to different magnitudes and durations of sustained compressive
loading are lacking. Using an in vivo model of chronic loading of the rat
tibiofemoral joint, we investigated early load-induced alterations in the AC.
We hypothesized that changes in chondrocyte distribution would result
within 12 weeks of altered loading and that these changes would vary with
the magnitude of the applied load.
Methods: Twenty-one male, Sprague-Dawley rats, 9 months of age, were
randomized into 4 treatment groups: 0% (Sham), 50%, 80% body weight
(BW), and Control. NIH guidelines for the care and use of animals were ob-
served. Animals underwent surgery to implant transcutaneous bone plates
and were ﬁt with a varus loading device which applied compressive over-
loads of 0, 50 or 80% BW to the medial compartment of the tibiofemoral
joint and an equivalent decrease in load to the lateral compartment. These
altered loads were in addition to the normal forces experienced by the
joint. Loading was applied 12 hr/day, 7 days/wk, for 12 wks. Following
euthanasia, tibia plateaus were excised, formalin ﬁxed, decalciﬁed with
10% EDTA, and paraﬃn embedded. Serial, 5 μm-thick, coronal sections of
the posterior half of the tibial plateau were deparaﬃnized and stained
with Hematoxylin and Eosin prior to examination under light microscopy.
Region speciﬁc (periphery, central and midline) measures were determined
by dividing each compartment into 3 equally spaced regions (Fig. 1). Depth
speciﬁc measures (superﬁcial: 0-25%, mid: 25-50% and deep: 50-100%)
were determined by dividing the AC thickness into three zones from the
surface to the tidemark. Chondrocytes with visible nuclei were counted in
each sub-area for each compartment. The cellularity of the AC (chondrocyte
number/AC area) was determined for each region, depth, and sub-area.
Three slides were evaluated for each leg. Analysis of variance was used
to compare mean cellularity across experimental groups for sub-areas and
the entire compartment (medial and lateral separately). Post-hoc pairwise
comparisons were performed using Fisher’s LSD procedure.
Figure 1. Articular cartilage of the tibial plateau illustrating the sub-areas evaluated in
each compartment.
Results: Mean cellularity of the entire medial and lateral compartments
were signiﬁcantly different across groups (Medial: p=0.01; Lateral: p=0.03;
Fig 2). Cellularity decreased with increased loading in the medial compart-
Figure 2. Cellularity of the medial and lateral compartments (mean±SE). Means not shar-
ing a common letter are signiﬁcantly different from one another (p<0.05).
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ment. The cellularity of the 80% BW group was decreased 37% compared to
0% BW (Sham). In the lateral compartment which experienced a decrease
in load, the 0% BW group was signiﬁcantly greater than the Control
and 50% groups. Region and depth speciﬁc comparisons across groups
exhibited similar patterns. The largest treatment effects were observed
in the superﬁcial center and mid center locations (medial and lateral
compartments).
Conclusions: A decrease in AC cellularity was observed in the medial
compartment following 12 weeks of increased chronic compressive loading
(50 & 80% BW). The largest decrease in cellularity appeared in the center
region where the compressive stress is thought to be at a maximum. In
contrast, a decrease in loading in the lateral compartment resulted in no
change or an increase in cellularity. Although minor degenerative changes
were observed with increased loading in the medial compartment, no gross
erosion of the AC was observed in these specimens. This work suggests
that decreased cellularity may be one of the ﬁrst histological observations
occurring in the degenerative response to increased chronic loading.
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Purpose: There are strong interactions between the subchondral (beneath
the cartilage) and cartilage. Repetitive impact loading has been shown
to induce subchondral bone changes resulting in a less compliant tra-
becular bone which thereby transfers excessive mechanical stress to the
overlying articular cartilage. In a previous study, in hip osteoarthritis with
10 μm images of micro-computed tomography using synchrotron radi-
ation, we have found substantial morphological and topological changes
in subchondral bone depending on whether or not covered by cartilage.
There was also a demineralization in situ within the trabecular bone
located in the subchondral areas of cartilage damage, while the same
subjects in areas which are not associated with alterations in cartilage,
the degree of mineralization was similar to the controls. We have also
demonstrated anisotropy changes of the micro-architecture of trabeculae
bone in the absence of cartilage. In this condition, the qualitative changes
of hydroxyapatite crystals (HAp)(Ca10(P04)6(OH)2) are not known. HAp
crystallites are one of factor governing the mechanical properties of bones
and the c-axes of the apatite crystallites are preferentially oriented in the
long bones in the directions of the stresses. The chemical composition
of bone can change with age and maturity and in some pathological
conditions.
Methods: For this aim, we performed one vibrational spectroscopy by
Fourier Transform Infrared (FT-IR) and one diffraction technique using
neutrons (neutron diffraction) which is an alternative method to X-ray
diffraction. The diffraction techniques yield some essential information
regarding the size, the strain, the morphology and the orientation of the
nanocrystals. The main advantage of the technique of neutron diffraction is
a great penetrating power of the neutron beam which permits very thick
(up to 1 cm) sections of bone to be examined. It provides a quantitative
assessment of the texture of the bone in terms of the orientation of the
HAp crystals. We used samples (8mm diameter, 10mm height) from 4
women with hip osteoarthritis, 4 were from the subchondral bone with
cartilage damage and 4 in areas without alteration of cartilage. Samples
were defatted to get a better signal to noise ratio and also eliminate the fat
rich in hydrogen which potentially interfere with the neutron diffraction
measurement. Neuton diffraction measurements were performed at CEA
Saclay Leon Brillouin Laboratory. For FTIR, fragment of the samples were
crushed and are put in pellet with KBr and analyzed with a Brucker IFS25
spectrometer (resolution 4 cm-1).
Results: With FTIR, the carbonation rate was 30% with identical spectra in
subchondral bone with or without cartilage. With neutron diffraction, the
size of the nanocrystals is about 100nm, the width of a diffraction peak
(hkl=002) is smaller than the width of the other diffraction peaks, pointing
out the anisotropy of the nanocrystals of all these compounds (needle
and/or platelet-like morphology) along the c axis. The c axis alignment
has been already identiﬁed to be the major feature of all textural calciﬁed
tissue and to inﬂuence mechanical properties. There was no difference
between subchondral bone covered or not by cartilage. In future work, in
order to reduce the incoherent scattering in neutron-diffraction, it would
be necessary to remove substantially all proteins.
Conclusions: Variations in biomechanical characteristics are probably due
to micro-architectural and degree of mineralization changes but not to
ultra-structural changes of HAp.
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Purpose: Recent data showed that subchondral bone plays an important
role in osteoarthritis (OA). Metabolic and morphologic modiﬁcations in this
tissue contribute to the degradation of the overlaying cartilage. It was sug-
gested that abnormal mechanical pressure applied to the articulation was
responsible to these changes. Here, we evaluated the effects of compression
on osteoblasts isolated from either nonsclerotic or sclerotic subchondral
bone.
Methods: Osteoblasts were isolated from sclerotic (SC) or non-sclerotic
(NSC) areas of human OA subchondral bone of 4 men. After 28 days,
osteoblasts were surrounded by a newly synthesized matrix and formed a
strong membrane. This osteoblasts-containing membrane was then placed
onto a Biopress Flexercell plate and submitted to compression (1.67 MPa)
for 2, 4 or 6 hours at the frequency of 1 Hz. The expression of COL1A1,
MMP-2, MMP-3 and MMP-13 was evaluated by real time RT-PCR.
Results: Basal COL1A1, MMP-2 and MMP-3 mRNA levels were signiﬁcantly
higher in SC osteoblasts than in NSC (1.5-fold, 1.5-fold and 2.9-fold,
p<0.01), while MMP-13 expression was not different. Two to six hours of
compression didn’t signiﬁcantly modify COL1A1 and MMP-2 gene expres-
sion in NSC or SC osteoblasts. MMP-3 expression was 23-fold increased
after four hours of compression in NSC and SC osteoblasts. After six hours
of compression the stimulating effect of compression we signiﬁcantly
higher in SC (123-fold) than in NSC (20-fold) osteoblasts (p<0.001). After
two hours or four hours of compression, MMP-13 expression was 2-fold
increased in NSC (p<0.05), but not signiﬁcantly increased in SC osteoblasts.
This stimulatory effect of compression on MMP-13 expression was not
observed after 6h of compression.
Conclusions: By contrast with MMP-2, MMP-13 and type I collagen, MMP-3
is a highly mechano-sensitive gene in OA subchondral osteoblasts. SC os-
teoblasts are more sensitive than NSC osteoblasts. These data indicate that
mechanical stimuli through the synthesis of MMP-3 could be responsible
for abnormal subchondral bone remodeling and subjacent cartilage matrix
degradation in OA. This ﬁnding offer new perspective of research to explain
the role play by mechanical stimuli in OA pathogenesis.
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THE EFFECT OF INDENTOR SHAPE ON THE CREEP CURVES OF COLLAGEN
GEL
I.C. Locke, O.B. White, P.F. Trwoga, A.N. Afoke
Univ. of Westminster, London, United Kingdom
Purpose: Compression creep testing is normally used to characterise the
mechanical properties of articular cartilage and is also one of the methods
used to detect chondrocyte remodelling of the matrix in collagen gels.
The test consists of applying a ﬁxed load onto a plane ended cylindrical
indentor and monitoring its displacement over time (creep curve). As
part of the development process of a novel dual axis construct simulator
designed to mimic the in-vivo loading regime of an articular joint, we have
studied the effect of indentor shape on creep curve parameters
Methods: Four plane ended indentors of different cross section, but with
the same cross sectional area of 200 mm2 were used for this investigation.
The cross sections were round, square and 2 rectangular shapes with a
length to width ratio of 2 and 4 respectively. The tests were carried out
on a creep testing rig and a load equivalent to a pressure of 300N/m2 was
applied to the indentor on a 4.5 mm thick collagen gel (rat tail collagen
type I, FirstLink, UK) for the duration of 300 seconds. Each test using a
different indentor was repeated 3 times using different gels.
Results: Figure 1 shows the average creep curves of displacement against
